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INTRODUCTION

The effect of Inttiee vilaations in NAFS. reflected in the 1elative motion of atomie
mits, is usinlly tnken into secount by the use of « honuonie Debye-\Valler faetor,
h"\“'\'l'l such tientient is known to be invalid in severn] sitantions of interest,
r.q. superionic roduetors,[1] metals uems the melting point[2] ete. The v of
n lomonie neatiient ia these situntions lends to gesnlts jn confliet with thowe
ohtnined neing diffinetion h-«'lmiqu-\.!".'.:ll The effect of sunll auhormouicity Lins
heen diveussed by severn] snthors, [1-3] finding that in sane conses the coneetion
of the innouie Debyve \Waller faecton by the first few comnnlant expousion tenins
wittices to reeonetle NAFS unel diffinetion tesulis. However, even in situntions
whete anhimtonicity i menlernte of when the single puticle potentinls nsed 10
deseribe the Inttiee dy nnies of the system exhibit uesrby minimn the eambinnt
expunsion bienks down.di In otder to tent the problein of high sulinmonieny, we
Linve genetnlized the fornmlntion for the eenet k.-\FS thermnl nvernge in tenins of
n RDF.I3 ten the opumtimn weeelinnien] ogime, mned smplemented this formmlation
m the fittie of NAFS dutn. This sppronch peamits the nentupent of laehly
aulimmmome wotion that enn uet bee punly 240 neing commlont expoansions of e
Doy Wallenr faern.' 4,

NAFS IN THE ANHARMONIC LINIT

As n sttt pomt. wee essisuden the simele scenttenmg XAFS fonnmln fin o <tatie
bondd 5 In ondder vo take: it neeonnt the elntive motion of o given ntomie pni



CL. XAFS Aunalysis in the snbnronie limit

we perform an statistical average of \:

) =t . (1)

Here. p denores the density matrix associated with the single particle Hamiltouian,
H = p?/2m + V(z). which deseribes the relative pair motion. : denotes the
displacemens relative to the average pair distanee R, de r= R4 10 md we
consider only motion along the hond direction. y is taken to be an operator due
to its dependence on the parameter :. The statistical average can be expressed
in terms of the wave functions {¥,( 21}, derived from the Hamiltonian H:

—

S L T E N k)
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E, denotes the o' cigenvalue of the Hamiltonian, and 1 = 1/kgT where by is
the Boltzmaun constant and T the tempernture of the systew.

We determine the wavefunetions {$,(:)) by solving the Schiriadinger equation
wsing the reduced mass for the atomie pair of interest, and an anharmonie maodel
potential V¢ ). that is clinrscterized in terms of parnmeters determined by fitting,
(\) to experiment. We note that V) represents the effect of all swronnding
stoms in the velative motion of the pair. - Since correlations between different
pairs are neglected, this trestment is annlogons to the Einstein approximation
cotmonly vsed in XAFS analysis,

We perform o non-linear squares fiv in the b region of interest. using ws param-
oters to be determined: B oand the potentinl parineters, ot the temaperanoe of
interest. The munber of wtoms NV is held fixed to the erystallograpliie determined
value, The XAFS anplitiade and phase funetions are deterained nsing: refer
enee comnpotnds, theoretien] enlenlations, or GE nnharmonieity i ciegligible ot low
tesuperatmes) the low temperature dnti, The RDF. g0z, is detined as:

;liq‘.(:)l.l ", "’
M IRRLE ' i
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Ilins, Eoqg 2 enn be wintten an o cotpiaet fonm as

) /ql_yl'.l\tl.-.rlzll . )

If ol the tempetntmes of interest e fin above low energy cigenvalues of i
(T« - Eyy. then one ennresont to o elassien] treatient. Ta this ense g ) is given

by
0 ; '\ll//' AN . ()



Ch. XAFS Analysis in the anharmonic limit

The RDF, g¢(z), gives a complete description of the pair motion and one can
extract the temperature behavior of any moment of interest from it, i. e:

(") = / dzg(z)z" . (6)

HIGH-TEMPERATURE SUPERCONDUCTORS

We have employed the mentioned formalism to the analysis of axial oxygen (04
) contributions to polarized Cu K-edge XAFS in YBa;Cu3O7. The coupling of
valence fluctuations in the Cu atoms (Cut? &Cu*!) to vibrations of the O4
atom leads to anharmionic potentials for the motion of 04.[6] We used several
model potentials o fit the XAFS, findiug the best fit for the model potential:
V(z} = a(z~z20)%(z <0); b(2—2z;)%.(z > 0). In Fig. 1a we present the potential
and RDF for the the Cul-04 bond for different temperatures obtained from the
fits. These fits where performed on Fourier filtered first shell contributions k%y
in the range 4 < k < 14A~', with amplitude and phase fiuctions extracted
from La;CuQ, , using as fitting para:neters a, b, zg, z;, and thc equilibrium bond
distance R. The fits show the presence of an elastic anomaly associated with the
onset of superconductivity, signaled by a sharp increase in the tunelling frequency
between the two well sites (%’ig. 1b).[7] Fits using harmonic potentials lead to
errors in the Cu-Cu distance of more than 0.1 A and erratic behavicr in other
fitting parameters.
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Figure 1a. Potential (dashed line) and RDF ésnlid line) for axinl oxygen in
YBa,;Cny 007 at a) 10K, b)8CK, and ¢) 105K, Figure 1b. Tunelling frequency
between the two well sites in YBaCuy Or as a function of temperature,



Ch. XAFS Analysis in the anharmonie limit

FERROSILICATES AT HIGH TEMPERATURES

We have also employved this method to the analysis of Fe K-edge XAFS O contri-
butions in andradite (Fep;CaySi30,;) for temperatures 80 < T < 1073K. A model
potential V(r) = U[(r/ro)l2 — 2(r/ro)?] was used, determining U by fitting to
experiment at 1073\, while ro was allowed as a function of temperature. These
fits where performed on Fourier filtered first shell contributions k¥ in the range
3 < k < 11A-!, using amplitude and phase functions extracted from the data
at 80K.{8] The RDF for different temperatures is shown in Fig. 2a. The fits re-
produce crystallographic distances (See Fig. 2b), and explain the apparent bond
contraction obtained using harmonic ﬁts.[Sﬁ
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Figure 2a. Potential (wide line) and RDF (thin line) from fits to Fe-O XAFS
in andradite at a)300K, b)413K, 673K, d)873K, ¢)1073K, and {)1573K (from
clculated XAFS). Figure 2b. Fe-O distance extracted from diffraction experi-
ments (thin line), XAFS anhirmonice fits (wide line), and ¢) XAFS harmonic fits.
(dashed line)
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